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physiological MYC levels MYChigh cancers

Eilers & Eisenman, 2008; Meyer & Penn, 2008
Schick, Habringer, et al. Brit J Haematol 2017

MYC: a central cancer driver associated with
• aggressive cancer biology
• poor prognosis
• treatment resistance

The oncogene MYC in tumorigenesis

Activation
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MYC copy number alterations – pan cancer view 
(cBioPortal) 
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MYC mutations in B-cell lymphoma: Diffuse large B-cell lymphoma (DLBCL)

cBioPortal
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Proliferation Apoptosis
Eµ-Myc

Biased approaches: analyzing mechanisms of MYC-mediated 
tumorigenesis
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Angiogenesis

Proliferation Apoptosis

Proliferation
ApoptosisMetabolism

Eµ-Myc

Biased approaches: analyzing mechanisms of MYC-mediated 
tumorigenesis
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Angiogenesis

Proliferation Apoptosis

Proliferation
ApoptosisMetabolism

Eµ-Myc

Biased approaches: analyzing mechanisms of MYC-mediated 
tumorigenesis

Aurkb

Aurkb

Aurka

Jürgen Den Hollander et al.,
Andreas Buck
Blood

Aurora Kinases
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Imaging oncogene-induced tumor cell proliferation vs metabolism
Dang, 1999

C3



SFB 824 – Symposium 2021, June 24/25th ; TranslaTUM Munich

Nature 2013
J Nucl Med 2011
Cancer Res 2012
Am J Nucl Med Mol Imaging 2013

Imaging oncogene-induced tumor cell proliferation vs metabolism
Dang, 1999

J Nucl Med 2011 
IEEE Trans Med Imaging 2015
Oncotarget 2014 
Eur J Nucl Med Mol Imaging 2013
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Candidate
gene/pathway

In vivo relevance

OMICs data

Clinical data Staudt 2018
n = 574

Shipp 2018
n = 304

Dave 2017
n = 1001

DLBCL

Functional screening for dissecting cancer pathogenesis
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Functional data

Therapy targets

Candidate
gene/pathway

In vivo relevance

OMICs data

Clinical data

Functional screening for dissecting cancer pathogenesis
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Functional data

Therapy targets

In vivo relevance

Functional screening for dissecting cancer pathogenesis
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Functional data

Therapy targets

In vivo relevance

Functional screening for dissecting cancer pathogenesis

Rad et al., Science 2010
• insertional transposon mutagenesis
• unbiased genome-wide screening
• identifies oncogenes and tumor suppressors

RosaPB ATP2-H32 Conditional
RosaPB
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Eµ-MycRosaPB ATP2-H32

Functional screening for dissecting MYC-associated 
lymphoma  pathogenesis
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Investigating mechanisms that enable full B cell transformation:
indentification of 958 putative cancer genes

Cancer Gene Census: 
catalogue of genes 
which contain 
mutations causally 
implicated in cancer

C3



SFB 824 – Symposium 2021, June 24/25th ; TranslaTUM Munich

Actionable alterations identified by genome-wide mutagenesis screening

Schick et al. in revision

SENP6 loss -> PARPi Weber et al.,
Nature Comm. 2019
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Pathway enrichment analysis in MYC-induced lymphomagenesis 
identifies BCR/chemokine receptor signaling
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Reddy et al., Cell 2017, Ghandi, Huang et al. Nature 2019, Ma et al. bioRxiv 2019

Chemokine receptor expression is associated with MYC and IG-MYC Fusion
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Reddy et al., Cell 2017, Ghandi, Huang et al. Nature 2019, Ma et al. bioRxiv 2019

CXCR4 expression is associated with MYC expression and IG-MYC Fusion
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CXCR4+

CXCL12
(SDF-1α)

• G-protein-coupled receptor

• Migration, homing, hematopoiesis

• Activation of MAPK, PI3K/AKT/mTOR, NFkB

CXCR4/CXCL12 axis in lymphoma
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CXCR4+

CXCL12
(SDF-1α)

• G-protein-coupled receptor

• Migration, homing, hematopoiesis

• Activation of MAPK, PI3K/AKT/mTOR, NFkB

• High expression associated with adverse prognosis, 

depicted: aggressive lymphoma (DLBCL)
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CXCR4/CXCL12 axis in lymphoma
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Developing CXCR4-targeted imaging and therapy (theranostics)
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Developing CXCR4-targeted imaging and therapy (theranostics)

Myelom (Philipp-Abbrederis, Herrmann et al. EMBO Mol Med 2015)
AML (Herhaus, Habringer et al. Haematologica 2016)
Lymphome (Wester, Keller et al. Theranostics 2015)
Solide Tumoren (Vag et al. J Nucl Med 2016)
Indol. Lymphom (Herhaus et. al. EJNMMI Res 2017)
Primäre ZNS Lymphome (Herhaus et al., J Nucl Med 2020)

Partner:
H.J. Wester, M. Schottelius
Radiochemie
M. Schwaiger
Nuklearmedizin

Therapie (Maurer, Herhaus et a., J Nucl Med 2019
Leukämie (Habringer et al. Theranostics 2018)
Pentixather (Schottelius et al., Theranostics 2017)
Herrmann, …, Keller,…, Knop. J Nucl Med 2015
Herrmann ,…, Keller, …, Lassmann. J Nucl Med 2016

CXCL12 (SDF-1α)

C3



SFB 824 – Symposium 2021, June 24/25th ; TranslaTUM Munich

Myelom (Philipp-Abbrederis, Herrmann et al. EMBO Mol Med 2015)
AML (Herhaus, Habringer et al. Haematologica 2016)
Lymphome (Wester, Keller et al. Theranostics 2015)
Solide Tumoren (Vag et al. J Nucl Med 2016)
Indol. Lymphom (Herhaus et. al. EJNMMI Res 2017)
Primäre ZNS Lymphome (Herhaus et al., J Nucl Med 2020)

Therapie (Maurer, Herhaus et a., J Nucl Med 2019
Leukämie (Habringer et al. Theranostics 2018)
Pentixather (Schottelius et al., Theranostics 2017)
Herrmann, …, Keller,…, Knop. J Nucl Med 2015
Herrmann ,…, Keller, …, Lassmann. J Nucl Med 2016

Developing CXCR4-targeted imaging and therapy (theranostics)

CXCL12 (SDF-1α)

[68Ga]Pentixafor

Myelom Patient
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Partner:
H.J. Wester, M. Schottelius
Radiochemie
M. Schwaiger
Nuklearmedizin
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CXCL12 (SDF-1α)
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[68Ga]Pentixafor

Myelom Patient

[177Lu]Pentixather
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Myelom (Philipp-Abbrederis, Herrmann et al. EMBO Mol Med 2015)
AML (Herhaus, Habringer et al. Haematologica 2016)
Lymphome (Wester, Keller et al. Theranostics 2015)
Solide Tumoren (Vag et al. J Nucl Med 2016)
Indol. Lymphom (Herhaus et. al. EJNMMI Res 2017)
Primäre ZNS Lymphome (Herhaus et al., J Nucl Med 2020)

Therapie (Maurer, Herhaus et a., J Nucl Med 2019
Leukämie (Habringer et al. Theranostics 2018)
Pentixather (Schottelius et al., Theranostics 2017)
Herrmann, …, Keller,…, Knop. J Nucl Med 2015
Herrmann ,…, Keller, …, Lassmann. J Nucl Med 2016

Partner:
H.J. Wester, M. Schottelius
Radiochemie
M. Schwaiger
Nuklearmedizin

Developing CXCR4-targeted imaging and therapy (theranostics)

C3



SFB 824 – Symposium 2021, June 24/25th ; TranslaTUM Munich

68Ga-Pentixafor-PET/MR

CXCR4-directed theranostics in blood cancer patients:
Proof-of-concept individual treatment approaches

Herhaus, Habringer, Haematologica 2017
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68Ga-Pentixafor-PET/MR

CXCR4-directed theranostics in blood cancer patients:
Proof-of-concept individual treatment approaches

Habringer et al. Theranostics 2018
Maurer, Herhaus et al., J Nucl Med 2019

Herhaus, Habringer, Haematologica 2017
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68Ga-Pentixafor-PET/MR

CXCR4-directed theranostics in blood cancer patients:
Proof-of-concept individual treatment approaches

Habringer et al. Theranostics 2018
Maurer, Herhaus et al., J Nucl Med 2019

Herhaus, Habringer, Haematologica 2017

THE „COLPRIT“ PHASE 1/2 TRIAL
(KREBSHILFE)
LYMPHOMA AND MYELOMA
M-FR-UL-DD-WÜ
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Blood

CNS CCL19-CCR7

CXCL12-CXCR4

gliosis/inflammation

O‘Connor et al., Cancer Cell 2019Herhaus, et al., J Nucl Med 2020 

CXCR4 promotes CNS migration but not retention of B-cell lymphoma
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CXCR4-targeted imaging/therapy: international multicenter studies (CNS lymphoma)

Imaging study for FDA/EMA approval Therapy study for r/r CNS lymphoma
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CXCR4 hyperactivation accelerates TCL1-driven CLL and 
promotes aggressive transformation

Lewis et al., Leukemia 2021
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CXCR4 hyperactivation accelerates TCL1-driven CLL and 
promotes aggressive transformation
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Pathway enrichment analysis in MYC-induced lymphomagenesis 
identifies BCR/chemokine receptor signaling
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Molecular Imaging and Theranostics :
Essential Building Blocks for the Tanslational Value Chain
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